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1. Introduction
1.1. Background and outline of the study
Phonetics, phonology and other aspects of language have long been viewed as 
being best learnt through a bottom-up approach. Traditional works on phonetic 
pedagogy, such as Gimson (1981), began with the description of vowels, 
consonants, words and connected speech. It was natural for more practical 
textbooks on pronunciation to deal with individual speech sounds first, then 
morphemes, vocabulary, phrases, and discourse units. According to this approach, 
learners would reach a particular level of proficiency by accumulating the 
mastered entities of the target language. Over the years, however, there has been a 
shift towards a more holistic top-down approach in the fi eld of English language 
teaching. The current emphasis in pronunciation teaching seems to reside in the 
prosodic features, or the suprasegmentals of language such as stress, rhythm, 
intonation, and pitch as opposed to the segmentals such as individual vowel and 
consonant sounds. Brown (1991) expressed the view that ‘the suprasegmentals 
are more basic and contribute more to intelligibility and accent. They should 
therefore appear first in textbooks and be mastered first by learners.’  However, 
investigations to support this claim were not carried out. Moreover, in Japan, there 
seems to be relatively little interest in pronunciation teaching and the bottom-up 
approach is still common in the English language classroom. Indeed, concerning 
both approaches, theory has not been suffi ciently supported by empirical research 
to establish which approach is more effective in language acquisition.
This study aims to examine which approach is more effective in pronouncing 
English naturally. There were four groups of participants; Group A: learning 
consonants and vowels first, then prosody in phrases or sentences, Group B: 
learning prosody in phrases or sentences fi rst then consonants and vowels, Group 
C: learning prosody and individual sounds together, and Group D: a control 
group which didn’t practice but took the pretest, the midtest, and the posttest. The 
participants in this study were all Japanese and joined the experiment voluntarily. 
Most of them were enrolled in English listening courses at a university in Japan. 
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Table 1: The stimuli in the pre/mid/posttests  
 1 The BBC.
 2 You'll have to take the tube.
 3 Pardon?
 4 Roads are rough in rural areas.
 5 What a good idea!
 6 What did Mary bring?
 7  The wine.
 8 Isn't she pretty!
 9  Pork or beef?
 10 Sorry, I don't eat meat.
 11 I like chocolate, but I'm on a diet.
 12 Milk, I believe, comes from cows.
 13 Would you pass me the water?
 14 Hey, are you going to return those books of mine you borrowed?
 15 Which books? I can't remember borrowing any.
 16 The ones about biology and language.
 17 Oh, those books.  Er --- could I keep them a few more days?  
  Selection of the stimuli for testing followed these guidelines: 1) familiar 
vocabulary, 2) structural variety, 3) sustained phonation which may provide a 
visually obvious display of pitch contour, 4) a variety of relatively short sentences 
or phrases and longer sentences.
Sound data of the pre/mid/post-tests were collected using original software. 
Sentence or phrase duration and F0 ranges were measured using Praat software. 
Data were also judged by four raters as to whether they sounded natural as 
English. The results were analyzed in Analysis of Variance (ANOVA). Findings 
show that Group B achieved the highest results in both objective evaluation (the 
measurement of duration and pitch ranges) and subjective evaluation (raters’ 
judgments). Therefore, the findings seem to indicate that repeating sentences 
or phrases at the beginning of a series of sessions played an important role in 
acquiring the prosody of a target language. The research in this area will shed 
much light on our understanding of the process of speech perception in general.
1.2. Purpose of the study
This study investigates the prosodic aspects of second language acquisition. My 
principal concern is order effects: Which group will acquire the prosodic features 
of English most effectively?
 - Beginning training sessions with individual sounds followed by prosody
 - Beginning training sessions with prosody followed by individual sounds
 - Training individual sounds and prosody together
Sentence duration and F0 ranges of 17 stimuli were measured in pre/mid/posttest. 
The durational ratios and F0 range ratios of those stimuli were also fi gured and 
analyzed in ANOVA.  Subjective evaluations were also conducted. The raters of 
the experiment were the same professional English teachers in Study 1 and 2. The 
only criterion for rating was “How natural does the utterance sound as English?” 
Participants’ recorded productions were evaluated on a seven-point scale. ANOVA 
was used for analysis of the results and compared with the consequences of the 
objective evaluation stated above.
2.  Experiment
2.1. Materials
The same stimuli were used in the pretest, the midtest, and the posttest.   The 
total number of stimuli in each test was 17. The stimuli were largely collected and 
selected by Professor Shinobu Mizuguchi at Kobe University. They were recorded 
by two native speakers of British English at a studio in Osaka. The recorded 
productions were inserted in the original software as model sounds. The test 
software was created by ATR. Table 1 shows the contents of the stimuli.
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English listening courses. As for the control group, they were taking an English 
translation course.
The participants took a short version of the TOEIC to assess their English 
proficiency. The participants for the experiment were divided into three nearly 
homogeneous groups. Regarding the participants in the control group, they took 
the TOEIC to begin with, and then the pretest.
As the pre/mid/posttests and the 20 sessions were individually performed using 
10 computers in a self-study room at the university, some of the data of the three 
tests were missing or some of them were not recorded clearly enough to analyze. 
Furthermore, the period of the training sessions was about two month long and 
the participants were supposed to attend 20 sessions. Consequently, the number 
of complete data was reduced. Barely 20 participants’ data of each group can be 
analyzed as complete sets of three tests. Regarding the number of male/female 
participants, see Table 2. The number of female students who volunteered to join 
this experiment was originally higher than that of the male students. Accordingly, 
the number of female students who completed the three tests was higher.
Table 2. The number of the participants
Group Male Female Total
A 6 14 20
B 6 14 20
C 7 13 20
D 8 12 20
Total 27 53 80
2.4. Procedure
A pretest-midtest-posttest design was used to measure the effects of two months 
training (20 sessions of about 40 to 60 minutes each) using computerized visual 
displays of pitch contours, wave forms and power as feedback (See Figure 
1). As for the pre/mid/posttests, the same software that was provided by ATR 
(Advanced Telecommunications Research Institute International) was used. Users 
can customize it by inputting the stimuli. 17 stimuli for each test were set in the 
software. See Table 1.  In the pre/mid/posttest, the participants recorded their 
voices which were saved in the computer server as WAV fi les. They were analyzed 
by computer software called Praat.
Participants were asked to come to a self-study room at any time during the 
Figure 1. The interface of pre/mid/posttest The same software was used in this study as 
with Study 1 and Study 2. The contents were customized by ATR.
2.2. Speakers
In the pre/mid/posttests, a male speaker and a female speaker of standard British 
English recorded the test items as models. Between the pretest and midtest, 
participants attended 10 sessions of pronunciation training, and following the 
midtest, they participated in the 10 additional sessions. Two pieces of software 
were used in the 20 sessions. In that used for training prosodic features, the same 
speakers’ voices in the pre/mid/post tests were inserted. In that used for individual 
sounds, a male speaker of standard American English and a male speaker of 
standard British English recorded the models.
2.3. Participants
The total number of participants is 80. At fi rst, approximately 120 native speakers 
of Japanese volunteered to participate in this study. All of them were 
undergraduate students at Konan University in Kobe. They belonged to different 
faculties of the university. None had spent more than two months in an English 
speaking country. Their ages ranged from 19 to 23. They reported normal hearing 
and vision. All of them except the students in the control group were taking 
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then participated in the second ten training sessions. This time they used 
different software the details of which are described below. The second 
ten training sessions focused on acquiring prosodic features.  After they 
fi nished the second ten sessions, they took the posttest.
Group B: Prosody-fi rst group: The participants of Group B trained in the 
opposite way to Group A.  In the fi rst 10 sessions, they practiced prosodic 
features and in the second 10 sessions, they practiced individual sounds.
 Group C: Mixed training group: In the fi rst and second training sessions, 
the participants of Group C trained with both pieces of software together. 
They practiced prosodic features and individual sounds in one session.
 Group D: Control group: The participants of Group D didn’t join the 
training sessions at all.  They took the pretest first, and after three weeks 
they took the midtest, and fi nished the posttest three weeks later.
2.4.2. The two pieces of training software
A)  “English Pronunciation Practice for Japanese Learners” for practicing 
individual sounds
As mentioned in the above section, two different pieces of software were used 
in this experiment. As for training individual sounds, software called “English 
Pronunciation Practice for Japanese Learners” was used. I created the software 
with financial assistance from Konan University and it is now available on the 
web. See Figure 3.
training period, where the training sessions were performed on 10 computers. For 
the fi rst time, they were asked to read instructions about using the software and 
took the pretest by computer. Their voices were automatically recorded and stored 
in the server. During the training period, they took the training sessions at any time 
they liked. Some of the participants came daily and fi nished the training sessions 
relatively early. Some of them came to the room as regularly as twice a week and 
others came quite irregularly.
Figure 2. The three tests and training sessions
In the arrows, ‘CV’ means Consonants and Vowels, i.e., individual sounds, ‘P’ means 
‘Prosody,’ ‘CVP’ means ‘Consonants, Vowels, and Prosody,’ and ‘NT’ means ‘No training.’
2.4.1. The training session groups
Figure 2 shows the three tests and the two-part training sessions. The following is 
the description of each group.
Group A: Individual-sound-first group: After taking the pretest, the 
participants of Group A trained individually with software to practice 
English pronunciation that I created in 2004 and made available on the web. 
Details of the software are mentioned in the next section. The participants 
took ten training sessions focusing on practicing particular individual 
sounds such as /r/ and /l/ in one session. After that, they took the midtest 
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times. As the software is not equipped with a recording function, the production of 
the participants at any session was not recorded.
B) “Prosody” for practicing prosodic features
As for the training sessions in prosodic features, different software named 
“Prosody” supported by Grants-in-Aid for Scientific Research was used. The 
format is the same as pre/mid/posttest but the inputted contents were different. 
The software can be customized according to the needs of users.  Table 4 shows an 
example of stimuli used in the fi rst and second sessions of prosody training. See 
Appendix for the entire stimuli of all sessions using this software.
Table 4. Example of stimuli in two sessions of prosody training
Session 1 
Tones
1 Great!
2 Thanks!
3 Pardon?
4  Yes.
5  Bass
6 A: I'll be there by fi ve. B: Great!
7 A: Care for a /drink? B: Thanks!
8 A: You'll have to take the tube. B: /Pardon?
9 A: You were there, |weren't you? B:  Yes.
10 A: He sings tenor. B:  Bass.
Session 2 
Statements
1 This is a pen.
2 I think it's great.
3 A: When'll they fi nish? B: Next Wednesday.
4 I won't eat anything.
5 I won't eat anything.
6 Will you eat /anything?
7 Roads are rough in rural areas.
8 It's not hot,| it's cold.
9 A: Who's that? B: I know her face.
10 A: She's working in Oxford. B: Cambridge.
As mentioned before, the interface of this software is the same as the pre/mid/
posttest. Participants were asked to repeat the model utterance for which the text 
was shown on the screen at least 10 times. Along with the text, the participant 
saw the waveform, pitch and power of the model sound. Then he/she pushed the 
recording button and read the text aloud. The waveform, pitch and power of the 
Figure 3. The interface of software, “English Pronunciation Practice for Japanese 
Learners.”
(http://kccn.konn-u.ac.jp/ilc/english/)
Prosodic features can also be practiced with this software, but on this occasion, the 
software was used to train individual sounds. In the 10 training sessions with this 
software, the subject practiced the following items.
Table 3. The contents of 10 training sessions for individual sounds
Session 1 // and //
Session 2 // and //
Session 3 // and //
Session 4 // and //
Session 5 // and //
Session 6 // and //
Session 7 // and //
Session 8 The difference between //, // and???
Session 9 The difference between // and???  The difference between /æ/, / /and??? 
Session 10 The difference between //, // and???The difference between //, // and??? 
In a single training session, participants read the explanation on the computer 
display about how to produce a given consonant or vowel, and then performed 
fi ve to ten exercises. The participant was asked to repeat each exercise at least fi ve 
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Figure 5-a. Praat interface. A model pronounced Stimulus 2 in the pre/mid/posttest: 
“You'll have to take the tube.”
Figure 5-b. Praat interface. A model pronounced Stimulus 16 in the pre/mid/posttest: “ 
The ones about biology and language.”
Sentence duration
There were four groups in all. Each group had 20 participants and took the three 
tests. Each test had 17 stimuli. Table 1 (Table 1-a to Table 1-d) in Appendix 2 
shows the sentence duration of each group.
In order to examine the contrasts in duration among the participants and the models, 
duration was analyzed proportionally as well. See Table 2 (Table 2-a to Table 2-d) 
subject were also shown on the same screen. See Figure 4. The production during 
the sessions with this software was saved on the computer automatically but not 
used for the analysis of this experiment. Only the production of the pre/mid/
posttest was analyzed later.
Figure 4. The interface of software “Prosody.”
2.4.3. Acoustic analysis
Sentence duration and F0 ranges were measured using waveform displays and 
wideband spectrograms of Praat. See Figure 5. There are 8,160 data (4,080 for 
sentence duration, 4,080 for F0 ranges) in total.
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3. Results
3.1. Durational ratios of the 17 stimuli of the three tests
ANOVA was conducted on the results of the average of durational ratios to test 
differences between means for signifi cance. See Table 5.
Table 5. The average of durational ratios.
in Appendix. Then the average of the proportion of duration was calculated.
F0 ranges
The highest and lowest F0 values in the whole utterance in the pre/mid/posttest 
were measured in semitones using Praat. The semitones are logarithmic scales 
of Hertz. Usually F0 values and F0 ranges of male and female speakers are 
quite different. However, there is no more difference between the ranges of the 
two genders when they are converted to semitones. Strictly speaking, pitch and F0 
should be categorized differently though they are widely taken to be the same. In 
this study, F0 is used for considering pitch.
The total number of the data of F0 ranges was 4,080. It was measured using 
Praat displays in the same way as sentence duration. See Figure 5. There were four 
groups in all. Each group had 20 participants and took the three tests. Each test 
had 17 stimuli. Table 10 in Appendix shows the pitch ranges of each group.
In order to examine the contrasts of pitch ranges among the participants and the 
models, F0 was analyzed proportionally as well. See Table 11 in Appendix. Then 
the average of the proportion of pitch ranges was calculated.
Subjective evaluations
The procedure of subjective evaluations is the same as in Study 1 and Study 2. The 
raters are also the same group of people in Study 1 and Study 2. The participants’ 
recorded productions were evaluated on a seven-point scale by a total of four 
teachers of English at a university in Kobe, Japan. Two of them are native speakers 
of English and the other two are Japanese.  Rating sessions were done individually. 
Raters were presented with the fi les of each subject from Stimulus 1 to Stimulus 
17, and the order of presenting the fi les was random. They were required to judge 
how natural the utterance sounded as English. If a rater felt an utterance was as 
natural as English spoken by a native speaker or near-native, seven points would 
be added to the utterance.  As there were 80 participants and each subject’s 
recorded productions were 51, each rater listened to 4,080 sound fi les on computer. 
The total number of the rating results of the four raters is 16,320.
?????????1 -------- 2 -------- 3 -------- 4 -------- 5 --------- 6 -------- 7
?????????????????????????????????? ?
(most unnatural as English)                ??????          (most natural as English)
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Table 6. The average of F0 range ratios.Figure 6. The numbers in the table under the line graph are means of durational ratios of 
each group.
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A two-factor ANOVA with group (A, B, C, and D) and phase (pre, mid, and 
posttest) as factors showed a signifi cant main effect of phase, [F (2, 76)= 20.351, 
p<.001], a signifi cant group×phase interaction [F(6, 152)= 2.234, p<.05].
The interaction between group and phase was further explored. The signifi cant 
simple main effect was observed only for the factor phase for Group B, [F (2, 152) 
= 19.720, p<.001]. See Figure 6. Observing the above line graph, the lines other 
than Group D appear to lean enough to suggest that the difference among pre/
mid/post is signifi cant. However, regarding main effects, only the result of Group 
B was signifi cant.  The model sounds were treated as 1 in ratio. Post hoc pairwise 
comparisons using Ryan’s method, where .05 as a signifi cance level, showed that 
there were signifi cant differences between pretest vs. midtest, midtest vs. posttest, 
and pretest vs. posttest for Group B.
The results show that only durational ratios of Group B signif icantly 
approximate the model ratio from the pretest to the posttest.
3.2. F0 range ratio ranges of the 17 stimuli
ANOVA was conducted on the results of the average of F0 range ratios to test 
differences between means for signifi cance.
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3.3. Subjective evaluations
Regarding the results of all the ratings, see Appendix. Table 9 shows mean subject 
evaluations of the four raters.
Table 9. Mean subject evaluations of four raters.
Figure 7. Means of F0 ratios of each group. The numbers in the table under the line graph 
are means of F0 range ratios of each group.
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A two-factor ANOVA with group (A, B, C, and D) and phase (pre, mid, and 
posttest) as factors showed a signifi cant main effect of group [F (3, 76)= 3.302, 
p<.05] and phase [F (2, 76)= 9.442, p<.001] . A signif icant group×phase 
interaction [F(6, 152)= 2.234, p<.05] was also found.
The interaction between group and phase was further explored. The signifi cant 
simple main effect was observed for the factor phase for Group B, [F (2, 152) 
= 14.819, p<.001]. There was also a significant difference between groups in 
posttest, [F (3, 228) = 8.015, p<.001] See Figure 7. Observing the above line 
graph, the lines other than Group B do not appear to rise enough to suggest that 
the difference among pre/mid/post is signifi cant. The model sounds were treated 
as 1 in ratio. Post hoc pairwise comparisons using Ryan’s method, where .05 as a 
signifi cance level, showed that there were signifi cant differences between pretest 
vs. posttest and midtest vs. posttest for Group B.
As seen in Figure 7, the results show that F0 range ratios of Group B 
significantly changed throughout the tests especially from the midtest to the 
posttest. Group D, the control group, did not show any difference throughout the 
three tests. As for the results of the posttest of the other groups, Group A and 
Group C approximate to the model ratio.
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Figure 7-b. Mean subject evaluations by four raters.
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Figure 7-b is the line graph version of Figure 7-a. Observing the inclination of 
the lines of each group, we note that Group B obtained the highest evaluation 
among the raters in posttest. Group A and Group C also showed steady growth in 
evaluation. As their lines are almost overlapped, it can be said that they had the 
same growth tendency.
4. Discussion and Concluding remarks
The main goal of this study was to investigate prosodic aspects in second language 
speech perception and production, especially concerning the order effects of 
training prosodic features and individual sounds.
This study provides some encouraging new data regarding the acquisition of 
non-native prosodic features and individual sounds. The fi ndings are as follows.
Effects of training
Regarding the effects of the training, particularly in the subjective evaluations, all 
the experimental groups showed significant differences from pretest to posttest 
whereas the control group did not show any changes throughout the tests. Raters 
detected an improvement from the pretest to the posttest productions of young 
adult learners. The results support the report by Hakuta, Bialystok, and Wiley 
Figure 7-a. Mean subject evaluations by four raters.
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A two-factor ANOVA with group (A, B, C, and D) and phase (pre, mid, and 
posttest) as factors showed signifi cant main effects of phase [F(2, 76)=1008.674, 
p<.001] and group [F(3, 76)=62.731, p<.001 ].  The interaction between phase and 
group was also signifi cant [F (6, 152)=113.872, p<.001].
The interaction between group and phase was further explored. The signifi cant 
simple main effects were observed in most cases except for the effect of group 
for pretest (tendency,  p<.10), and the effect of phase for Group D (NS). Post hoc 
pairwise comparisons using Ryan’s method, with .05 as a signifi cance level, were 
conducted. There were signifi cant differences between groups in the midtest and 
posttest phases except for the Group A vs. Group C in the midtest. In contrast, 
there were no signifi cant differences between groups in the pretest phase.  There 
were differences between pretest vs. midtest, midtest vs. posttest and pretest vs. 
posttest in all groups except Group D, which was a control untrained group. Group 
B achieved the highest evaluation in the posttest.
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of /r/ and /l/ as a result. Thus, the effectiveness of training individual sounds is 
clearly apparent. If the order-effect hypothesis that prosody training should be 
prior to individual sounds (i.e. non-native contrasts) training is proven correct, 
then this study will have contributed to develop a more effective training program 
on computer or one that can be used in the classroom.
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(2003) that adult learners who have passed the putative end of a critical period 
exhibit overall L2 success.
In the training sessions of this study, the participants were exposed to a great 
many model sounds. That means acoustic templates must have played an important 
role in monitoring the articulatory output.
As for the results of acoustic analysis of Group A, the individual-sound-first 
group, and Group C, the mixed training group, the durational ratios did not change 
signifi cantly but F0 range ratios approximated the model sound’s ratios throughout 
the tests. These two groups obtained better subjective evaluations in the posttest by 
raters.
The importance of the order of training: the apparent priority of training 
prosodic features over individual sounds
Group B, the prosody-fi rst group, showed remarkable results in the three analyses 
of durational ratios, F0 range ratios and subjective evaluations. In the pretest, 
all groups were homogeneous in English proficiency as confirmed by acoustic 
analysis and subjective evaluations. However, as the training sessions went by, 
the participants of this group began to exhibit differences from the other groups. 
What does this indicate?  The present data may not provide conclusive evidence 
to support the hypothesis that prosody training should be prior to individual 
sounds training because the tasks in this study were quite different. Two different 
pieces of software were used. In the prosody training, participants can check their 
voice recordings acoustically and visually against pitch contours, wave forms, and 
intensity on the computer display. Thus they had some feedback. On the other 
hand, in the individual sounds training, participants read instructions on the screen 
and practice without recording. In the latter task, the quality of feedback that the 
participants received was different.  Further experiment is needed to confi rm the 
priority of training prosody over segmentals by using the same task.
Although further experiments are expected, it may be said that priority of 
suprasegmentals in the early stages of pronunciation training did not hinder the 
learning process of the participants, and I believe that this training order will 
contribute to modify the structure of the learner’s phonetic system. Previous 
studies have investigated the relationship between perception and production of 
non-native contrasts such as /r/ and /l/. For example, in perceptual training for 
non-native contrasts, Yamada et al (1994) used the high-variability training 
technique and found signifi cant improvements in the Japanese trainees’ production 
????????????????????????????????????
Yamada, R. A., Strange, W., Magnuson, J.S., Pruitt, J.S., and Clarke III, W. D. (1994) The  intelligibility 
of Japanese speakers’ productions of American English /r/, /l/, and /w/, as evaluated by 
native speakers of American English. Proceedings of the International Conference on Spoken 
Language Processing, Yokohama, Japan, 1994, 2023-2026.
